In the present study, concentrations of arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn) were measured in the muscle, gill, and gonads of the pelagic fish species Trachurus mediterraneus, Engraulis encrasicolus ponticus, and Sprattus sprattus that are important both commercially and for the ecosystems in the Black Sea. The samples were collected during 2011. The metals were determined using inductively coupled plasma mass spectrometry (ICP-MS) following an acid digestion. The highest concentrations of As, Cd, Co, Cr, Cu, Pb, and Zn were found in E. encrasicolus ponticus, whereas the greatest concentrations of Ni were found in T. mediterraneus and Mn in S. sprattus. Results showed that average metal concentrations in the tissues of T. mediterraneus, E. encrasicolus ponticus, and S. sprattus decreased in the order gill > gonad > muscle, gonad > gill > muscle, and gill > gonad > muscle, respectively, for the three species. When metal concentrations of fish tissues were compared between fish gender, there were only statistical differences in the gonads of the studied fish species (p < 0.05). The present study demonstrated that the metals have different correlations with condition factor (CF) and gonadosomatic index (GSI) of the fish species. Cr showed statistically important positive correlation to the GSI in male T. mediterraneus. Co showed statistically important positive correlation to CF in female E. encrasicolus ponticus, and also Co and Cd showed correlation to CF in male T. mediterraneus. Cd concentrations in the muscle tissues of the fish species were above the maximum acceptable concentration for human consumption.
Introduction
The aquatic environment is very sensitive to metal pollutants, and therefore, metals are considered to be critical contaminants. Metals are discharged into the marine environment through domestic, agricultural, mining, and industrial waste waters (Alkan et al., 2012; Bilandžić et al., 2011; Farombi et al., 2007; Mendil et al., 2010) . Furthermore, the metals have the potential to contaminate the sediment and the water, both of which can be dispersed through tidal action. The metals can therefore become accumulated in biota away from the original sources (Alhashemi et al., 2012; Wcislo et al., 2002) . In addition to this contamination causing an adverse effect on aquatic biota, the metallic contaminants can be ingested by humans through consumption of the seafood products (Dautremepuits et al., 2004; Farombi et al., 2007; Wang et al., 2002) . In some areas of the world, aquatic organisms, particularly fish, are the most important sources of protein in the human diet. Fish are also widely being used for evaluating the quality of the aquatic environment and as bioindicators of environmental pollution (Alkan et al., 2012; Dautremepuits et al., 2004; Lopes et al., 2001; Priya et al., 2011) .
Different tissues of fish species have different bioaccumulation capacities (Alhashemi et al., 2012; Jarić et al., 2011; Kojadinovic et al., 2007) . The fish flesh (muscles), which is the fish part consumed by humans, is not always a good indicator of the whole-body fish contamination. Therefore, it is important to analyze other tissues such as gonads and gills (Has-Schon et al., 2008; Jarić et al., 2011) .
The concentrations of metals in the organs of fish are governed primarily by the level of pollution in the water and food and so are indicative of the level of the pollution in the environment (Farkas et al., 2000) . Furthermore, ecological needs, gender, size, and seasonal changes can affect metal accumulation in different tissues of fish (Burger, 2007; Yilmaz and Dogan, 2008) .
The Black Sea is semi-enclosed and is the largest anoxic water in the world. Black Sea waters remain heavily impacted by a number of pollutants originating from different sources such as direct and indirect discharge of land-based pollutants (industrial, agricultural, and, especially, mining wastes) , resulting in severe ecotoxicological impacts (Boran and Altinok, 2010) . One of the most important types of pollutants is metals. Although the southeastern Black Sea is not a region that contains a large amount of industrial waste, the presence of natural ore bed, abundance of river resources, and the discharge of untreated urban effluents still makes this area of the study very important (Windom and Cranmer, 1998) . Metals, unlike other pollutants, are not biodegradable and can accumulate in biota over time (Matta et al., 1999; Wepener et al., 2001) . Their concentrations in biota can increase to toxic levels and affect other fauna species, including humans, through food chains (Boran and Altinok, 2010; Hodson, 1988) . Engraulis encrasicolus ponticus (anchovy), Sprattus sprattus (sprat), and Trachurus mediterraneus (horse mackerel) are the most important pelagic fish species commercially available for consumption in Turkey. Anchovy has become the most heavily consumed species by humans, followed by sprat and horse mackerel and between them constitute 75% of the total catch in Turkey (Daskalov, 2003; Güner et al., 1998; Oguz et al., 2008; TUIK, 2011) . Gill, gonad, and muscle tissues were chosen for assessing metal accumulation. The concentrations of metals in the gills reflect the concentrations of metals in waters. Through gonadal storage of metals, contamination and diseases caused due to the contamination can be potentially transferred to the next generation of fish. They are also widely consumed by humans (Terra et al., 2008) . The muscle tissues are used to determine the potential risk to humans by consumption of the fish species. The aim of this study was to assess the relationship between the levels of metal concentrations in gonads, gills, and muscle tissues of both genders of horse mackerel, anchovy, and sprat. For this purpose, the condition factor (CF) and gonadosomatic index (GSI) were calculated for assessing the differences in elemental bioaccumulation according to age, size, gender, and spawning status of each specimen.
Materials and methods
To minimize contamination, all the materials used in the experiments were washed in ultrapure water. Varied sizes of horse mackerel, anchovy, and sprat were collected by the purse seine during 2011, from the southeastern area of the Black Sea. Fish sampling details are presented in Table 1 . Immediately after collection, samples were transported to the laboratory in ice-cooled containers. Size, weight, and length of the fish samples were measured. The values are given in Table 2 . Fish were classified as male and female. Composite samples from dorsal muscle, gonad, and gills of tissues were taken and weighed for each fish. Skin was separated from the muscle tissue using a plastic knife. The samples were put in sterile polythene bags and kept in a laboratory deep freezer (À20 C) to prevent deterioration until analysis.
Frozen muscle, gonad, and gill samples were dried using freeze dryer (model FD5N Eyela, Tokyo, Japan) (Milestone, 2011; Richard, 2002) . Approximately 0.5 g of homogenized samples were taken and placed into digestion flasks. All chemicals used were of analytical grade and obtained from Merck (Darmstadt, Germany). Ultrapure concentrated nitric acid and hydrogen peroxide (7:1 v/v) were added to the samples and heated to 200 C for approximately 15 min until dissolution was complete. The completely digested samples were allowed to cool to room temperature. The digests were diluted with ultrapure water to a final volume of 25 mL. The analyses of metal concentrations of arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn) were determined using inductively coupled plasma mass spectrometry (ICP-MS; model 820-MS, Varian Medical Systems, Belrose, Australia). The collision reaction interface was used during the determination of As. Both scandium and indium (50 ppb; SCP Science, Quebec, Canada) were added to all standards, blanks, and samples and acted as internal standards. All samples were analyzed in triplicate. Accuracy and reproducibility of the sample preparation were tested by the analysis of the certified reference material DORM-3 (National Research Council, Canada) and blanks along with each set of samples. Certified values and observed values are presented in Table 3 . All reagents used were of analytical grade. All fish gonads were weighed in order to calculate the GSI as it is generally considered to be a good measure of gonad maturation and spawning readiness. GSI was calculated using the equation given by Griffiths et al. (2009) 
In addition, the fish CF provides information about recent feeding activity and was calculated using the following equation
where W t is the total weight (in grams) and L is the total length (in centimeter) of the fish (Lombardi et al., 2010) . All data were tested using normality (Shapiro-Wilk) and equal variance tests. The data passed and failed from these tests were treated using parametric and nonparametric tests, respectively. Parametric (one-way analysis of variance and t test) and nonparametric tests (Kruskal-Wallis and Mann-Whitney rank sum test) were performed to determine whether there were any significant differences in metal concentrations between gender and organs of the fish species. Pearson's correlation was carried out to determine whether relationships between GSI, CF, and metal concentrations existed. Statistical significance was set to a level of 5% (p < 0.05) (Miller and Miller, 2005) . Statistical analyses were performed using the Sigma-Plot 12 software (Systat Software Inc., Chicago, Illinois, USA). Additionally, concentrations of metals in fish samples were evaluated and compared with permitted limits set by Turkish Food Codex (TFC), Food and Agricultural Organization (FAO), and European Commission (EC) (EC, 2006; FAO, 1983; TFC, 2008) . All data were expressed in microgram per gram dry weight.
Results and discussion
Fish have high protein content, low saturated fat, and also contain omega fatty acids. However, fish accumulate contaminants from aquatic environment, and therefore, they have been extensively used in pollution monitoring systems of the aquatic environment (Soylak et al., 2012; Tuzen et al., 2007; Yildirim et al., 2009) . Previous studies have shown that target organs, for example, gonad, gill, and muscle have a tendency to accumulate heavy metals at higher rates in many species of fish from different geographical areas (Alkan et al., 2012; Yilmaz, 2005; Yilmaz and Dogan, 2008) .
Metals accumulate in the tissues of fish, and thus metals determined in the tissues of fish can reflect the past exposure (Dural et al., 2007) . Levels of As, Cd, Co, Cr, Cu, Mn, Ni, Pb, and Zn in gonad, muscle, and gill of anchovy, sprat, and horse mackerel caught in the southeastern Black Sea waters are presented in Table 4 . Accumulation trend of metals in anchovy is mostly in gonad except for Cr, Ni, Zn, As, and Pb. Most metals in the anchovy tended to accumulate in the gonads. The exceptions were As, Cr, Ni, Pb, and Zn. Accumulation of Cr (0.67 + 0.05 mg g À1 ) and Zn (8.23 + 2.94 mg g À1 ) were high in the muscle. In addition, Ni (1.83 + 0.08 mg g À1 ), As (4.88 + 0.22 mg g À1 ), and Pb (0.21 + 0.03 mg g À1 ) were high in the gills. In horse mackerel, many of the studied metals have the highest accumulation in the gill tissues. The exceptions were Cr (0.68 + 0.05 mg g À1 ) and Zn (18.13 + 0.95 mg g À1 ) that were high in muscle, and Mn (0.57 + 0.04 mg g À1 ), As (4.67 + 0.41 mg g À1 ), and Cd (0.29 + 0.05 mg g À1 ) that were high in the gonads. The data indicate that target tissues for accumulation of Co, Ni, Cu, and Pb are the gills. Most of the metals in sprat have the highest accumulation in the gills, but Mn (0.95 + 0.09 mg g À1 ) is high in muscle and Cu (2.56 + 0.12 mg g À1 ), Zn (1.90 + 0.27 mg g À1 ), and Cd (0.45 + 0.05 mg g À1 ) are high in the gonads. This indicates that target tissue for accumulation of Cr, Co, Ni, As, and Pb are the gills. In fish, the two significant sources of metal assimilation are water through the gills and through the consumption of food. Metals circulate through the body via blood and are accumulated in various tissues at different concentrations (Kojadinovic et al., 2007) . Statistical comparisons of metal concentrations in different tissues are presented in Table 4 . There were statistically significant differences except for Cr, Mn, and Zn in anchovy, Cr in sprat, and Cd in horse mackerel (p < 0.05). Previous studies also reported that there were significant differences between metal concentrations of tissues (Alkan et al., 2012; Dural et al., 2007; Kojadinovic et al., 2007; Mendil et al., 2010; Yilmaz and Dogan, 2008) . The differences in metal concentrations of the tissues might be as a result of their capacity to induce metal-binding proteins such as metallothioneins (Canli and Atli, 2003) .
The concentrations of heavy metal in fish vary in different species (Canli and Atli, 2003) . Dural et al. (2007) and Kargin (1996) reported that these differences may derive from variations in feeding habits, habitats, and the behavior of the different species. Comparisons of metal concentrations in tissues of the fish species are presented in Table 4 . Results showed that there were statistically significant differences in the tissues between the fish species for all metals except for Cr (p < 0.05). Previous data from the same study area showed that different fish species accumulated different metal concentrations in their tissues (Mendil et al., 2010; Tuzen, 2009; Tüzen, 2003; Uluozlu et al., 2007) .
Gender is an important factor that can influence the bioaccumulation of metals in biota (Burger, 2007; Vahter et al., 2007) . The concentration of metals in muscle, gonads, and the gills of males and female of the studied fish species are presented in Table 5 . Alhashemi et al. (2012) and Lombardi et al. (2010) reported that the average levels of the investigated metal in the liver, gill, muscle, and gonads of the fish species were not statistically significantly different between the genders, whereas Al-Yousuf et al. (2000) reported that the average metal concentrations for Cu, Mn, and Zn in liver, skin, and muscle of Lethrinus lentjan were significantly different between genders. Also, Burger (2007) reported that there were significantly different Mn concentrations, which were higher in the gonads of the female than in the male of Lepisosteus platyrhincus. In the present study, there were significant differences between the gonads of the different genders for Mn, Cu, and Zn in anchovy, for Zn in sprat, and for Cu and Zn in horse mackerel (p < 0.05). Zn and Cu concentrations in the gonads of the fish species were higher in female than in male. This result is in agreement with the gonad maturation of the fish (Table 6) .
Metal levels in the collected organism may change according to age, size, gender, general health condition, spawning status, and individual susceptibility (Burger, 2007; Peakall and Burger, 2003) . So, to find these effects, the CF and GSI of each specimen were given (Table 6 ). CF is an index used to relate the consequences of biochemical and physiological alterations to observed changes in the individuals and population (Lombardi et al., 2010) . CF is species specific and quantifies the amount of energy that is stored. It can also be used to evaluate allocation of energy to reproduction and to detect when spawning occurs (Tyus, 2012) . The nutritional and reproductive states of each fish species were assessed as they may affect the elemental levels.
According to calculated GSI and CF values (Table 6) , there were no significant differences between genders for each species (p > 0.05). Correlation values determining relationships between GSI, CF, and metal concentrations are presented in Table 7 . Results indicated that GSI of male horse mackerel was positively correlated with Cr (p < 0.05). Also As (p < 0.05) shows negative correlation to the GSI of female horse mackerel. Both Co and Pb were negatively correlated to female anchovy (p < 0.05). Co and Cu demonstrated negative correlation (p < 0.05) to CF of female sprat and anchovy, respectively. Co was negatively correlated, while Cd was positively correlated to male horse mackerel (p < 0.05).
In this study, metal concentration of muscle tissues were compared with those reported in other studies from the Black Sea (Table 8) . To evaluate the bioaccumulation of metals in the studied fish, dry weight data were transformed using a dry to wet weight conversion factor of 1/4.5 (Chen et al., 2004; Chiu and Mok, 2011) and then compared with previous studies that had presented their data as wet weight. The concentrations of Cr in anchovy were only higher than that of the compared study (Turan et al., 2009) . Pb concentrations of samples in this study were lower than all other reported studies. In the present study, Cu and Zn values were higher in horse mackerel than in earlier reported studies in the Black Sea coast (Tüzen, 2003) . Mean concentrations of Cd in horse mackerel were also higher than those reported in a reference study (Nisbet et al., 2010) . Uluozlu et al. (2007) and Tuzen (2009) reported higher values of Cd in anchovy than the present study. Furthermore, Tuzen (2009) and Nisbet et al. (2010) reported lower concentrations of As in horse mackerel and anchovy as compared to the present study. As compared to Yildirim et al.'s (2009) study report, all metal concentrations in anchovy samples were higher than this study. There has been no data reported regarding the concentration of metals in sprat from the coastal regions of the Black Sea and therefore no comparisons can be made. The levels of Cd, Cu, Pb, and Zn determined in the muscle of each species were compared with codex values given by the EC, FAO, and TFC, because this is the main fish part consumed by humans (Table 8 ) (EC, 2006; FAO, 1983; TFC, 2008) . Cd concentration of muscle tissues in horse mackerel, anchovy, and sprat were found to be higher than legal limits (EC, 2006; TFC, 2008) . The other studied concentrations of metals were found to be lower than maximum acceptable levels according to TFC, FAO, and EC (EC, 2006; FAO, 1983; TFC, 2008) .
Conclusions
The present study shows that many metals in horse mackerel get accumulated in the gills. Exceptions are Cr and Zn that are high in muscle and Mn, As, and Cd that are high in the gonads. Data demonstrate that the accumulation trend of metals in anchovy is mostly in the gonads. However, there is elevated Cr and Zn in muscle. In addition, Ni, As, and Pb concentrations were high in the gills. The studied metals in sprat have the highest accumulation in the gills, with the exception of Mn, that is high in muscle and Cu, Zn, and Cd that are high in the gonads. Accumulation of metals in the different tissues of horse mackerel, anchovy, and sprat decrease in the order gill > gonad > muscle, gonad > gill > muscle, and gill > gonad > muscle, respectively. When metal concentrations of fish tissues are compared between genders, there were only statistical differences in the gonads of the studied fish species (p < 0.05). Metal concentrations in the muscle tissues of the fish species were at permissible safety levels for human consumption for all the analyses except Cd.
